
............ ........... ............ ........... ............ ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... .......... 

........... / I /  , - . , -, ............ ........... \ t;; MSC-00126  
SUPPLEMENT 6 ::""""""""""""""""""" ... 

............ ............ ........... 3"p 

a .  NAT IONAL AERONAUTICS A N D  SPACE ADMINISTRATION .. .. .. 
*..  .. .. .. ... . . .  .... ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... 

APOLLO 10  MISSION REPORT 

............ ........... SUPPLEMENT 6 ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ... ..... . . L a - * .  .... 

'D 

2 ........... 

ASCENT PROPULSION SYSTEM FINAL FLIGHT EVALUATION 

~ -~ 

::::::I .... (NASA-TB-X-69554) APOLLO 10 HISSIOEI 173-73555 

::::::I .... ... ( N A S A )  

*:.:.:. .... REPORT. SUPPLBHEIT 6: ASCBIT 
::::::: ... PROPULSION SYSTEM PINAL PLIGHT EVALUATIOB 

Unclas 68  p .... ... .... .... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ 

00/99 15081 

+ 
? 
! 

............ 

M A N N E D  SPACECRAFT C E N T E  
H 0 U STON .TE X A  S 

JANUARY 197 0 
........... ............ ........... ............ ........... ............ ........... ........... ............ ........... ............ ........... ............ ........... ............ ........... ........... ............ ........... 

............ 

............ 

R 



I -  

MSC-00126 
Supplement 6 

APOLLO 10 MISSION REPORT 
SUPPLEMENT 6 

ASCENT PROPULSION SYSTEM FINAL FLIGHT EVALUATION 

PREPARED BY 

TRW Systems 

APPROVED BY 

James A .  McDivitt  
a g e r  , Apollo Spacecraft Program 

NATIONAL AERONAUTICS AND SPACE ADMINISTIUTION 
MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 

January  1970 



11 176-H347-RO-O@ 

PROJECT TECHNICAL REPOPT 

APOLLO 10 

LM-4 

ASCENT PROPULSION SYSTEM 
FINAL FLIGHT EVALUATION 

NAS 9-8166 16 September 1969 

Prepared f o r  
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

P r e  pa r e d  by 
W .  G. G r i f f i n  

Propul s i  on Techno1 oqy Sec t ion  
Power Sys tems Department 

NASA/MSC 
-3 .) 

TRlJ SYSTEVS 

I .  

7 Aonroved bv: /f?r&vt& 
R .  J .  Smith, Manager 
Task E-19E 

Concurred by : 

Concurred by : 

Ascent Propul s i  on Subsys tern 

Approved by:  (,/ 4 / &/ !-p-h/ 
P. I-I. Janak, Head 
Proou ls ion  Technoloqy Sec t ion  

Approved by: g z d d d  I . /  i' 
Concurred by: 1.- I, , ., c. $7 cI. - - T ' k  C. W .  Yodzis, Ch ie f  \ D.  W .  Vernon , Manager 

Pr imary  P ropu ls ion  Branch Power Systems Department 



CONTENTS 

PAGE 

1 . PURPOSE AND SCOPE . . . . . . . . . . . . . . . . . . . . . .  1 

2 . SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

3 . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . .  4 

4 . STEADY-STATE PERFORMANCE ANALYSIS . . . . . . . . . . . . . .  6 

Ana lys i s  Technique . . . . . . . . . . . . . . . . . . . . . .  6 

F l i g h t  Data Ana lys i s  . . . . . . . . . . . . . . . . . . . . .  7 
Comparison w i t h  P r e f l i g h t  Performance P r e d i c t i o n  . . . . . .  12  

Engine Performance a t  Standard I n t e r f a c e  Cond i t ions  . . . . .  13  

5 . PRESSURIZATION SYSTEM . . . . . . . . . . . . . . . . . . . .  15 

Helium U t i l i z a t i o n  . . . . . . . . . . . . . . . . . . . . .  1 5  

U1 l a g e  Pressure Dur ing  Coast . . . . . . . . . . . . . . . . .  15 
Regulator  Performance . . . . . . . . . . . . . . . . . . . .  1h 

6 . A P S  PROPELLANT LOADIHG AND USAGE P R I O R  TO BURII  TO D E P L E T I O r l  18 

7 . PROPELLANT SETTLIPIG ANOMALY . . . . . . . . . . . . . . . . .  19 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 

ii 



TABLES 
T i t l e  Page 

1. L M - 4  APS DUTY CYCLE . . . . . . , . . . . . . . . . . . . . 21 

2. LM-4  APS ENGINE AND FEED SYSTEM P H Y S I C A L  CHARACTERISTICS - - * 22 

3 .  RCS PROPELLANT USAGE DURING APS BTD . . - - * - * * * - - 23 

4. F L I G H T  DATA USED I N  STEADY-STATE A N A L Y S I S  - - * * 24 

5. PROPELLANT CONSUI4PTION FROM ASCENT PROPULSION SYSTEM 
T A N K S .  . . . . . . . . . . . . , . . . . . . . . . . . . . . . 25 

6. STEADY-STATE PERFORMANCE DURING BURN TO DEPLETION - - . - - 26 

iii 



I L L U ST RAT I ON S 

T i t l e  Page 
1 . Comparison o f  Th roa t  Eros ion.  P red ic ted  and F l i g h t  . . . . . . .  27 

2 . A c c e l e r a t i o n  Match Dur ing  APS BTD . . . . . . . . . . . . . . .  28 

3 . Chamber Pressure Match Dur ing  APS BTD . . . . . . . . . . . . .  29 

4 . O x i d i z e r  I n t e r f a c e  Pressure Dur ing  APS BTD . . . . . . . . . . .  30 

5 . Fuel I n t e r f a c e  Pressure Dur ing  APS BTD . . . . . . . . . . . . .  31 

6 . Thrus t  Dur ing  APS BTD . . . . . . . . . . . . . . . . . . . . .  32 

7 . S p e c i f i c  Impulse Dur ing  APS BTD . . . . . . . . . . . . . . . .  33 

8 . O x i d i z e r  Flow Rate Dur ing  APS BTD . . . . . . . . . . . . . . .  34 

9 . Fuel Flow Rate Dur ing APS BTD . . . . . . . . . . . . . . . . .  35 

10 . O x i d i z e r  I n t e r f a c e  D i f f e r e n t i a l  Pressure (Tank Bottom 

11 . Fuel I n t e r f a c e  D i f f e r e n t i a l  Pressure (Tank Rottotn t o  
Enqine I n t e r f a c e )  Dur inq  A P S  BTD . . . . . . . . . . . . . . .  37 

12 . Comparison o f  P r e d i c t e d  and F l i g h t  Reconstructed Performance . . 38 

t o  Engine I n t e r f a c e )  Dur inq  APS RTD . . . . . . . . . . . . . .  36 

i v  



1 .  PURPOSE AND SCOPE 

The purpose o f  t h i s  r e p o r t  i s  t o  p resent  t h e  r e s u l t s  o f  t h e  p o s t f l i g h t  

a n a l y s i s  o f  t h e  Ascent Propu ls ion  System (APS) performance d u r i n g  t h e  

A p o l l o  10 Miss ion .  

a c t u a l  f l i g h t  env i ronmenta l  c o n d i t i o n s  was t h e  p r i m a r y  o b j e c t i v e  o f  t h e  

a n a l y s i s .  No formal  a n a l y s i s  o f  APS t r a n s i e n t  performance was made. 

Determinat ion  o f  t h e  APS s t e a d y - s t a t e  performance under 

P r e l i m i n a r y  p o s t f l i g h t  a n a l y s i s  o f  APS performance i s  documented i n  

Reference 1. 

t i o n a l  i n f o r m a t i o n  as i s  r e w i r e d  t o  p r o v i d e  a comprehensive d e s c r i D t i o n  of 

APS performance d u r i n g  the A p o l l o  10 Miss ion.  

Th is  r e p o r t  supersedes Reference 1 and i n c l u d e s  such addi-  

This r e p o r t  has been prepared as supplement 6 t o  t h e  Apollo 10 

Mission Report (MSC-00126). 

Major addi t ions  and/or changes t o  r e s u l t s  as presented i n  Reference 1 

a r e  l i s t e d  below: 

1) 

2 )  Discussion of analysis techniques problems and assumptions. 

3 )  

4) 

Revised performance values f o r  t h e  APS BTD. 

Comparison o f  p o s t f l i g h t  a n a l y s i s  and p r e f l i g h t  p r e d i c t i o n .  

Discussion o f  t h e  LM-4 propel lan t  s e t t l i n g  anomaly. 



2. SUMMARY 

The du ty  c y c l e  f o r  t h e  LM-4 Ascent P ropu ls ion  System (APS) cons is ted  

o f  two engine f i r i n g s ;  a s h o r t  manned burn  and a l o n g e r  unmanned burn  t o  

p r o p e l l a n t  d e p l e t i o n  (BTD). 

eva lua ted  and found t o  be s a t i s f a c t o r y .  

APS performance f o r  these two f i r i n g s  was 

Engine i g n i t i o n  f o r  t h e  manned burn  occur red  a t  a ground e lapsed t ime  

(GET) of 102:55:02.1 (hours:minutes:seconds) w i t h  the  engine be ing  COIII- 

manded o f f  a t  102:55:17.7 GET f o r  a t o t a l  burn d u r a t i o n  o f  15.6 seconds. 

The unmanned BTD was i n i t i a t e d  a t  a GET of 108:52:05.5 and was te rmina ted ,  

as planned, by f u e l - f i r s t  p r o p e l l a n t  d e p l e t i o n .  A c t i v a t i o n  o f  t h e  f u e l  low 

l e v e l  sensor (LLS) occur red  a t  108:55:24 GET and the  chamber p ressure  began 

t o  decay a t  108:55:32.3 GET. 

GET. One anomaly 

was no ted  d u r i n g  t h e  APS manned burn. The problem concerned the  ascent  

engine q u a n t i t y  c a u t i o n  l i g h t  which came on approx imate ly  one second a f t e r  

APS f i r s t  burn i g n i t i o n  command; thus t r i g g e r i n g  a i i iaster c a u t i o n  and warn- 

i n g  a lan i i .  

f u e l  low l e v e l  sensors. S ince the  low l e v e l  sensors operated nomina l l y  

d u r i n g  the  retxainder o f  t he  f i r s t  burn  and t h e  e n t i r e  second burn ,  i t  i s  

concluded t h a t  t h e  low l e v e l  sensor d i d  n o t  r i a l f u n c t i o n  b u t  a c t u a l l y  went 

d ry .  I n s u f f i c i e n t  p r o p e l l a n t  s e t t l i n g  p r i o r  t o  t h e  burn due t o  t h e  l a r g e  

u l la< ,e  volume t h a t  e x i s t e d  du r ing  the  LM-4 f l i g h t  i s  cons idered t o  be t h e  

i:ios t probable cause o f  t h i s  d i  f f i  c u l  ty .  

O x i d i z e r  LLS a c t i v a t i o n  t ime  was 108:55:37 

The engine o f f  command was g i ven  a t  108:56:14.4 GET. 

The engine q u a n t i t y  l i g h t  i s  c o n t r o l l e d  by the  o x i d i z e r  and/or  

Fkasurement da ta  from the  APS BTD i n d i c a t e d  two abnorma l i t i es .  The 

f i r s t  problem was observed i n  the  o x i d i z e r  i n t e r f a c e  pressure  measurement 

d a t a  which was approx imate ly  11 p s i a  h i g h e r  than expected. I t  was con- 

c luded,  a f t e r  a n a l y s i s ,  t h a t  the da ta  was er roneous ly  h igh .  The second 

L 
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i n v o l v e d  o s c i l l a t i o n s  of t h e  he l ium r e g u l a t o r  o u t l e t  pressure measurements. 

These o s c i l l a t i o n s  d i d  n o t  propogate t o  t h e  i n t e r f a c e  o r  chamber pressures.  

Both problems w i l l  be more f u l l y  d iscussed i n  t h e  P r e s s u r i z a t i o n  System 

s e c t i o n  o f  t h i s  r e p o r t .  

ed APS performance. 

None o f  t h e  above d i f f i c u l t i e s  m a t e r i a l l y  a f f e c t -  

Steady-state engine performance parameters averaged over  t h a t  p o r t i o n  

o f  t h e  BTD analyzed are  as f o l l o w s :  

T h r u s t  - 3432.1 l b f  

I s p  - 309.49 sec 

K i x t u r e  R a t i o  - 1.597 

A1 1 performance parameters were we1 1 w i t h i n  t h e i r  r e s p e c t i v e  3-sigma 1 i m i  t s .  

C a l c u l a t e d  engine t h r o a t  e r o s i o n  f o r  LM-4 APS was approx imate ly  one percent  

h i g h e r  than t h e  p r e d i c t e d  a t  the  end o f  the  BTD. 

L 
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Approximately two hours after ccmpletion of the DPS DO1 and phasing 

maneuver burn (about 103 hours @I?) the ascent and descent stages w e r e  

separated and the APS engine was f i red for  15.6 seconds (ignition to en- 

gine cutoff) .  

stage docked w i t h  the CSM and the crew and equipnent transfer w a s  effected. 

Approximately s ix  hours later, the ascent stage w a s  separated and the en- 

gine was ignited for  the 248.9 semnd (ignition to cutoff cannand) burn 

to propellant depletion (BTD) . 
times and associated velocity changes are sham in Table 1. 

Upon canpletion of this insertion m e u v e r ,  the ascent 

Exact data concerning ignition and cutoff 

The Apollo 10 IM-4 APS was equipped w i t h  Rocketdyne Engine S/N 0002B. 

ApS engine performance characterization equations used in pre-flight pre- 

diction and post-flight analysis are found in Reference 2. Engine accep 

tance test data used in the determination of performance are fran Refer- 

ence 3 .  Physical characteristics of the engine and feed system are pre- 

sented i n  Table 2. 

Both  f ir ings of the APS engine w e r e  preceded by Reaction Control Sys- 

tem (KS) maneuvers to settle propellants. The FCS act ivi ty  prior to the 

BTD also included a separation maneuver. 

separation maneuver prior to BTD was approximately 90 seconds. 

T o t a l  duration of the ullage and 

Only one Apollo 10 Mission Detailed Test Objective (MD) , S13.13, 

dealt  specifically with APS performance. 

that  MY3 are as follms: 

The functional test objectives of 

1) Confirm APS performance characteristics 

2) Confirm tha t  APS propellant depletion shutdown in a space environ- 

w n t  is not hazardous. 

Specific r w r m n t s  of this objective are described i n  Reference 4.  

4 
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4 .  STEADY-STATE PERFORMANCE ANALYSIS 

Analysis Technique 

Postflight performance analysis for  the LM-4 APS was primarily con- 

cerned : v i  t h  determining steady-state performance d u r i n g  the second ascent 

engine f i r i n g ,  an unmanned burn to  fue l - f i r s t  propellant depletion of 

248.9 seconds (engine on to engine off command) d u r a t i o n .  The f i r s t  ascent 

engine b u r n  was of  insuff ic ient  length, 15.6 seconds, t o  properly determine 

steady-state performance; however, an examination of the measurement d a t a  

(Appendix) was made and performance was found t o  be satisfactory.  

The APS st-eady-state performance analysis was conducted usinq the 

Apollo Propuls ion  Analysis Program a s  the primary too!. T h i s  program 

u t i l i zes  a minimum variance technique t o  establish the best correlation 

between an enqine characterization model derived from ground t e s t  d a t a  and  

selected f l iqh t  t e s t  measurements. The minimum variance technique used in 

the program consists of a ser ies  of error  models usinq various g round  and 

f l i gh t  d a t a  as inputs and a non-linear APS simulation model w h i c h  i s  based 

on empirically derived engine characterization equations. Successive itera- 

tions t h r o u g h  the program resul t  in a "best" estimate, i n  a minimum variance 

sense, o f  system performance history and weights. 

In i t ia l  vehicle damp and propellant weights were obtained from 

Reference 5 ,  reaction control system (RCS) propellant usage was obtained 

from analysis of the bi-level measurements and  APS propellant usage for  

the f i r s t  bu rn  was based on estimated steady-state usage. Vehicle damp 

weight i s  considered t o  be constant, with the exception o f  the RCS propel- 

lants consumed, t h r o u g h o u t  the r u n .  Table 3 presents RCS consumption for  

the propellant se t t l ing  and separation maneuver ju s t  prior t o  the BTD and  

6 



. 

d u r i n g  the  BTD. 

P r o p e l l a n t  d e n s i t i e s  used i n  t h e  program were based on equat ions  found i n  

Reference 6 ad jus ted  by measured d e n s i t y  da ta  f o r  t h e  LM-4 f l i g h t  g i ven  i n  

the  Spacecra f t  Opera t iona l  Data Book, Reference 7. O x i d i z e r  and f u e l  temp- 

e r a t u r e s  were taken from measurement da ta  and were 69.8"F and 70.9"F, res-  

p e c t i  ve l y .  

segment o f  burn  analyzed as s teady-s ta te .  

A l l  RCS consumption d u r i n g  t h e  BTD was from RCS tanks. 

These temperatures were found t o  be cons tan t  th roughout  the  

The f o l l o w i n g  f l i g h t  measurement da ta  were used i n  t h e  a n a l y s i s  o f  t h e  

engine chamber pressure,  engine i n t e r f a c e  pressures , v e h i c l e  LM-4 APS BTD: 

t h r u s t  a c c e l e r a t i o n ,  p r o p e l l a n t  tank b u l k  temperatures , he l i um r e g u l a t o r  

o u t l e t  pressures , p r o p e l l a n t  LLS a c t i v a t i o n  t imes , engine o n - o f f  commands 

and RCS t h r u s t e r  s o l e n o i d  b i l e v e l  measurements. Measurement numbers and 

o t h e r  da ta  p e r t i n e n t  t o  the  above measurements, w i t h  the  excep t ion  o f  RCS 

b i - l e v e l s ,  a re  g iven i n  Table 4. 

p resented  i n  the  Appendix t o  t h i s  r e p o r t .  

F l i g h t  Data Ana lys is  

P l o t s  o f  measurement da ta  versus t ime are 

A 174 second segment o f  t h e  APS BTD was s e l e c t e d  t o  be analyzed f o r  

t he  purpose o f  de termin ing  s teady-s ta te  engine performance. 

t i o n  occur red  a t  a GET o f  108:52:05.5 and engine c u t o f f  was commanded a t  

108:56:14.4 GET. The segment of t he  burn  analyzed begins a t  108:52:25.0 

GET, 19.5 seconds a f t e r  i g n i t i o n ,  and ends a t  108:55:19.0 GET. A l onger  

a n a l y s i s  segment was n o t  f e a s i b l e  s ince  f i l t e r e d  a c c e l e r a t i o n  da ta  was 

d i s t o r t e d  by the  smoothing techn ique j u s t  p r i o r  t o  t h e  s t a r t  o f  chamber 

p ressure  decay. 

can t  anomalies. 

sen ted  i n  Table 5. 

segment t o  the  beg inn ing  of chamber p ressure  decay was e x t r a p o l a t e d  from 

APS BTD i g n i -  

S teady-s ta te  a n a l y s i s  o f  t he  APS BTD revea led  no s i g n i f i -  

APS engine p r o p e l l a n t  consumption d u r i n g  t h e  BTD i s  p re-  

Consumption from the  end o f  the  s teady -s ta te  a n a l y s i s  

7 



s tcady -s ta te  a n a l y s i s  r e s u l t s .  

The p r i n c i p a l  r e s u l t s  determined by t h e  APS s teady -s ta te  a n a l y s i s  a r e  

as f o l l o w s :  

1 )  Engine t h r o a t  e r o s i o n  was s l i g h t l y  h i g h e r  than p r e d i c t e d ,  approx i -  

ma te l y  one p e r  cen t  a t  t h e  end o f  t h e  BTD. 

Average s p e c i f i c  impulse over t h e  174 second p e r i o d  analyzed was 

309.5 seconds. 

The average m i x t u r e  r a t i o  based on LLS a c t u a t i o n  t ime  was de te r -  

mined t o  be 1.597. 

O s c i l l a t i o n s  i n  he l ium r e g u l a t o r  o u t l e t  p ressure  were found t o  

have no adverse e f f e c t s  on engine performance. 

2 )  

3)  

4 )  

LM-4 APS performance, was determined t o  be very c lose  t o  p r e d i c t e d  

w i t h  a c t u a l  enqine average s p e c i f i c  impulse be ing  approx imate ly  0.8 second 

h i g h e r  than the  p r e d i c t e d  va lue.  A p o r t i o n  o f  t h i s  inc reased performance 

i s  a t t r i b u t a b l e  t o  a s l i g h t l y  inc reased t h r o a t  e ros ion  r a t e ,  however, an 

inc rease i n  engine e f f i c i e n c y  was a l s o  evidenced. 

I t  should be no ted  t h a t  t h e  number of APS f l i g h t  measurements was sub- 

s t a n t i a l l y  reduced f o r  t h e  LM-4 f l i g h t ;  thus  a u t o m a t i c a l l y  e l i m i n a t i n g  

some o f  t h e  checks and balances t h a t  had been a v a i l a b l e  on p rev ious  f l i g h t s .  

O f  p a r t i c u l a r  s i g n i f i c a n c e  was t h e  d e l e t i o n  o f  t he  tank bot tom t o  engine 

i n t e r f a c e  d i f f e r e n t i a l  p ressure  ( A P )  measurements , s ince  they p rov ided  an 

excel  l e n t  means o f  v e r i f y i n g  t h r o a t  e r o s i o n  c h a r a c t e r i s t i c s .  

I 

The genera l  s o l u t i o n  approach used i n  t h e  LM-4 f l i g h t  e v a l u a t i o n  was 

t o  c a l c u l a t e  a v e h i c l e  we igh t  ( i n c l u d i n g  p r o p e l l a n t  l oads )  f o r  t he  beg inn ing  

o f  the  segment o f  burn  used t o  analyze s teady -s ta te  performance and then 

a l l o w  the  Apo l l o  P ropu ls ion  Ana lys is  Program t o  vary  t h i s  we igh t  and o t h e r  

se lec ted  performance parameters ( s t a t e  v a r i a b l e s )  i n  o r d e r  t o  achieve an 
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acceptable data match. 

both propellant loads and vehicle i ne r t  weight. 

variations ¶ the vehicle thrust and specific impulse were increased s l igh t ly  

from predicted values until weight differences become more real i s t i c .  A 

complicating factor  i n  the analysis was the fact  t h a t  the oxidizer inter-  

face pressure measurement, GP1503P ¶ was erroneously high by approximately 

11 pounds per square inch (ps i ) .  

i t i v e  bias on fuel interface pressure, determined from ground support equip- 

ment data,  were applied t o  the f l i gh t  interface pressure measurements i n p u t  

t o  the program. 

t i a l l y  correct. 

bias may be found in the Pressurization System section of this  report. 

was also necessary t o  curve f i t  the interface pressure d a t a  since the 

smoothing technique applied t o  the raw data resulted i n  extensive distor- 

t i o n .  The acceleration residual (measured d a t a  minus calculated) result-  

ing from the program i n p u t  d a t a  outlined above had  a definite negative 

slope indicating t h a t  a s l i gh t  increase in calculated acceleration as 

f l i g h t  time increased was required t o  minimize the residual error.  

effect is gained by increasing engine f lmates  and/or increasing engine 

thrust  on a time basis. 

t h a t  actual t h r o a t  erosion rates could be considerably higher t h a n  pre- 

dicted and since a s l i gh t  increase i n  throat erosion would give the desired 

resu l t ,  a revised throat erosion curve was calculated using the par t ia l  

derivatives of t h r o a t  area w i t h  respect t o  acceleration a t  ten second 

intervals t h r o u g h o u t  the run. The inclusion o t h i s  calculated t h r o a t  

area curve in the analysis program resulted in an excellent acceleration 

match with essentially a zero mean and no sign f icant  slope. 

This technique led to  excessive variations in 

In order t o  resolve these 

This b i a s  and an approximately 2 psi pos- 

Program results indicated t h a t  the above biases were essen- 

A further discussion of the oxidizer interface pressure 

I t  

This 

Since experience on the LM-3 f l i gh t  indicated 

The derived 
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t h r o a t  erosion curve was approximately one per cent higher than predicted a t  

the end of the BTD. 

erosion determ ned during the LM-3 postfl ight evaluation. I t  should be 

noted t h a t  the segment of the b u r n  analyzed as steady-state i s  somewhat 

shorter for  LM 4 than i t  was fo r  LM-3, however, the LM-4 t h r o a t  erosion 

would n o t  have been as large as t h a t  of LM-3 even i f  the b u r n  times had 

been equivalent. 

comparison with the predicted curve for LM-4 and the maximum and minimum 

curves for  which the throat erosion characterization i s  valid. 

This i s  considerably lower than  the value of t h r o a t  

Figure 1 shows the calculated t h r o a t  area curve i n  

~ 

Simulation of RCS act ivi ty  was n o t  as crucial t o  an accurate postfl ight 

reconstruction of APS performance as i t  might have been since the thrusters 

were t h e o r e t i c a l l y  close coupled, i . e . ,  the net t r a n s l a t i o n a l  t h r u s t  f o r  

the system i s  zero. I n  actual i ty ,  a small impulse, approximately equiva- 

lent t o  5 lbf  thrust  in the negative X direction, existed t h r o u g h o u t  the 

BTD. 

" o n "  times for  a l l  u p  a n d  down engines a n d  m u l t i p l y i n g  by a nominal 100 l b f  th rus t .  

The RCS interconnect valves were closed d u r i n g  the B T D ,  therefore, RCS pro- 

pellants came only from the RCS tanks. Weight overboard through the RCS 

engines was accounted for  by multiplying the nominal one engine flowrate 

by t o t a l  accuniulated system "on" time and averaginq th i s  figure over the 

period o f  the BTD. 

prior t o  B T D  ignition was accounted for  separately b u t  in a similar manner. 

The magnitude of this impulse was determined by analyzing accumulated 

Usage during a 90 second ullaging and separation maneuver 

Figures 2 th rough 11 depict the principal performance parameters 

associated w i t h  the LM-4 postfl ight analysis. 

used as time varying input t o  the propulsion analysis program. 

measurements, fuel and oxidizer interface pressure, were used as program 

drivers. The other two, acceleration and chamber pressure, were compared 

Four f l  ight measurements were 

Two of these 
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t o  c a l c u l a t e d  values by t h e  program's minimun var iance technique.  

a c c e l e r a t i o n  and chamber p ressure  measurements a long w i t h  t h e i r  r e s i d u a l s  

(measured minus c a l c u l a t e d  va lues)  a r e  presented i n  F igures  2 and 3, 

r e s p e c t i v e l y .  F igures  4 and 5 c o n t a i n  o x i d i z e r  and f u e l  i n t e r f a c e  pressure 

measurement da ta  as i t  appeared a f t e r  smoothing o f  t h e  raw data,  t h e  curve 

f i t o f  t h i s  da ta  t h a t  was u l t i m a t e l y  i n p u t  t o  t h e  A p o l l o  P r o p u l s i o n  Analys is  

Program, and t h e  r e s i d u a l  between t h e  two. 

were a d j u s t e d  by t h e  f i x e d  b iases p r e v i o u s l y  d iscussed p r i o r  t o  be ing  i n p u t  

t o  t h e  program. 

a re  shown i n  Figures 6-11; t h r u s t ,  s p e c i f i c  impulse, o x i d i z e r  f l o w  r a t e ,  

fue l  r a t e ,  and o x i d i z e r  and f u e l  tank bot tom t o  engine i n t e r f a c e  d i f f e r e n -  

t i a l  pressures.  

The 

Data shown i n  F igures  4 and 5 

C a l c u l a t e d  s teady-state values f o r  t h e  f o l l o w i n g  parameters 

The p r i n c i p a l  i n d i c a t o r  o f  the accuracy o f  t h e  p o s t f l i g h t  recons t ruc-  

t i o n  i s  t h e  matching o f  c a l c u l a t e d  and measured a c c e l e r a t i o n  data.  

measure o f  the  q u a l i t y  o f  the  match i s  g i v e n  by t h e  r e s i d u a l  s lope and 

i n t e r c e p t  da ta  as shown i n  F i g u r e  2. 

on t h e  o r d i n a t e ,  and s lope o f  a l i n e a r  f i t  t o  the  r e s i d u a l  data.  

r e a d i l y  seen t h a t  the  c l o s e r  b o t h  these numbers are t o  zero,  the  more 

accurate i s  the  match. The a c c e l e r a t i o n  match achieved w i t h  the  LM-4 

p o s t f l i g h t  r e c o n s t r u c t i o n  i s  e x c e l l e n t .  A match o f  measured and c a l c u l a t e d  

engine 

q u i t e  good. 

A 

Th is  da ta  represents  the  i n t e r c e p t ,  

I t  i s  

chamber p ressure  i s  g i v e n  i n  F i g u r e  3 and i s  a l s o  considered t o  be 

An a d d i t i o n a l  i n d i c a t o r  o f  t h e  v a l i d i t y  o f  the  r e c o n s t r u c t i o n  

i s  t h e  matching o f  t h e  a c t u a l  amount o f  p r o p e l l a n t  i n  t h e  t a n k s  a t  LLS 

probe a c t u a t i o n  t imes w i t h  t h e  program c a l c u l a t e d  amount o f  p r o p e l l a n t  i n  

t h e  tanks a t  corresponding t imes.  

l a n t s ,  as determined f rom f l i g h t  temperatures,  and LLS probe h e i g h t s ,  the  

weights  o f  o x i d i z e r  and f u e l  i n  t h e  tanks a t  t h e i r  r e s p e c t i v e  LLS actua- 

t i o n  t imes were 48.2 lbm, o x i d i z e r ,  and 38.4 lbm, f u e l .  

Based on t h e  d e n s i t i e s  o f  t h e  p r o p e l -  
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The weights  o f  p r o p e l l a n t  i n  t h e  o x i d i z e r  and f u e l  tanks a t  corresponding 

t imes, as c a l c u l a t e d  by t h e  p r o p u l s i o n  a n a l y s i s  program, were 58.9 lbm, 

o x i d i z e r ,  and 45.0 lbm, f u e l .  

i n  b o t h  cases i s  w e l l  w i t h i n  t h e  acceptable var iance due t o  p r o p e l l a n t  

s 1 oshing . 

The d i f ference between a c t u a l  and c a l c u l a t e d  

The LM-4 f l i g h t  r e c o n s t r u c t i o n  i s  by a l l  i n d i c a t i o n s  an accura te  simu- 

l a t i o n  o f  a c t u a l  f l i g h t  performance. 

measured parameters a r e  a l l  w i t h i n  measurement accurac ies .  

Residuals between c a l c u l a t e d  and 

Comparison w i t h  P r e f l i g h t  Performance P r e d i c t i o n  

P r e d i c t e d  performance o f  the  LM-4 APS i s  presented i n  Reference 8. 

The i n t e n t i o n  o f  the  p r e f l i g h t  performance p r e d i c t i o n  was t o  s i m u l a t e  APS 

performance under f l i g h t  env i  ronmental c o n d i t i o n s  f o r  t h e  p r o j e c t e d  m i s s i o n  

du ty  c y c l e .  

RCS opera t ion .  

No a t tempt  was made i n  t h e  p r e f l i g h t  p r e d i c t i o n  t o  s i m u l a t e  

Table 6 presents  a summary o f  a c t u a l  and p r e d i c t e d  APS performance 

d u r i n g  t h e  BTD. 

b iases as necessary and compare q u i t e  c l o s e l y  w i t h  the  r e c o n s t r u c t e d  

parameters. The most s i g n i f i c a n t  d i f f e r e n c e  between t h e  a c t u a l  and pre-  

d i c t e d  APS performance i s  t h a t  p r e d i c t e d  r e g u l a t o r  o u t l e t  and i n t e r f a c e  

pressures were h i g h e r  than a c t u a l  by about 3-4 p s i  throughout  t h e  BTD. 

Th is  d i f f e r e n c e  i s  w i t h i n  the  Class I pr imary  r e g u l a t o r  o p e r a t i n g  band. 

The p r e - f l i g h t  p r e d i c t i o n  used a he l ium r e g u l a t o r  o u t l e t  pressure based 

on the Class I pr imary  r e g u l a t o r  o p e r a t i n g  band m i d - p o i n t  va lue o f  184 p s i a .  

Engine s p e c i f i c  impulse determined by the  p o s t f l i g h t  r e c o n s t r u c t i o n  i s  

somewhat h i g h e r  than had been p r e d i c t e d  b u t  i s  s t i l l  w e l l  w i t h i n  s p e c i f i e d  

3 sigma l i m i t s .  

s p e c i f i c  impulse, t h r u s t ,  and m i x t u r e  r a t i o  i s  presented i n  F i g u r e  12 

Measurement da ta  i n  Table 6 have been a d j u s t e d  by known 

A comparison o f  p r e d i c t e d  and r e c o n s t r u c t e d  values f o r  
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along w i t h  r e l a t e d  t h r e e  sigma 

s p e c i f i c  impulse, t h r u s t  and m 

t h r e e  sigma d ispers ions .  

d ispers fons .  The v a r i a t i o n  o f  f l i g h t  

x t u r e  r a t i o  were w i t h i n  t h e i r  r e s p e c t i v e  

Engine Performance a t  Standard I n t e r f a c e  Cond i t ions  

Expected f l i g h t  performance o f  t h e  APS engine was based on a model 

c h a r a c t e r i z e d  w i t h  da ta  ob ta ined d u r i n g  engine and i n j e c t o r  acceptance 

t e s t s .  I n  o r d e r  t o  a l l o w  a c t u a l  engine performance v a r i a t i o n s  t o  be 

separated f rom v a r i a t i o n s  induced b y  f e e d  system, p r e s s u r i z a t i o n  system and 

p r o p e l l a n t  temperature v a r i a t i o n s ,  t h e  acceptance t e s t  data i s  a d j u s t e d  t o  

a s e t  o f  s tandard  i n t e r f a c e  c o n d i t i o n s ,  thereby p r o v i d i n g  a common b a s i s  

f o r  comparison. Standard i n t e r f a c e  c o n d i t i o n s  are  as f o l l o w s :  

G x i  d i  z e r  170. 
Fuel i n t e r f a c e  pressure,  p s i a  170. 
O x i d i i e r  i n t e r f a c e  temperature,  O F  70. 
Fuel i n t e r f a c e  temperature,  'F 70. 
O x i d i  zer  d e n s i t y  , 1 b n / f t 3  
Fuel d e n s i t y ,  l b m / f t 3  56.39 
T h r u s t  a c c e l e r a t i o n ,  1 b f / l  bm 1. 
Throat  area, i n 2  16.49 

i r l t e r f a c e  pre: sure , p s i  ,t 

90.21 

Ana lys is  resu lTs  ( a t  20 seccnds f rom i g n i t i c n )  f o r  the PT3 c o r r e c t e d  t o  

s tandard i i ' l c t  co ic  i t i o i l s  and compared ?:o acceptance t e s t  va lues are  

s:iown be l  ow: 
Acceptance Tes t  F l i y h t  Ana lys is  % 

Data Resu l ts  D i f f e r e n c e  

Thrus t ,  l b f  3508. 351 3. .1 

Propel  1 a n t  M i x t u r e  R a t i o  1.594 1.594 0. 

308.7 309.3 .2  1 bf'-sec S p e c i f i c  Impul se , - -  - .  

These d i f fe rences  a r e  we1 1 w i t h i n  t h e  engine combined repeatab i  1 i ty and 

accept an ce t e s  t i n s t rumen t a t i on un ce r t a i  n t i es . 
f o r  t h a t  p a r t  o f  t h e  BTD analyzed as s teady-s ta te  were approx imate ly  3 p s i a  

F 1 i g h t i n t e  rf ace pres s u res 
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below p r e d i c t e d  l e v e l s .  

e f f e c t  o f  t h e  reduced pressure b u t  i s  n o t  as low as i t  m i g h t  have been due 

t o  a compensating i n c r e a s e  i n  engine e f f i c i e n c y .  A d j u s t i n g  engine p e r f o r -  

mance t o  s tandard  i n t e r f a c e  c o n d i t i o n s  and comparing w t h  acceptance t e s t  

values shows good agreement w i t h  t h e  smal l  d i f ferences be ing  a t t r i b u t a b l e  

t o  t h e  p r e v i o u s l y  ment ioned engine e f f i c i e n c y  inc rease A l l  d i f f e r e n c e s  

are  w i t h i n  one s tandard  d e v i a t i o n  of acceptance t e s t  values. This  i n d i -  

cates t h a t  b a s i c  p r e f l i g h t  p r e d i c t i o n  techniques are  adequate, w i t h  t h e  

p o s s i b l e  except ion  o f  t h e  t h r o a t  e r o s i o n  c h a r a c t e r i z a t i o n .  

r e s u l t s  o f  t h e  LM-3 f l i g h t  a n a l y s i s ,  a ques t ion  as t o  t h e  adequacy o f  t h e  

APS t h r o a t  e r o s i o n  was r a i s e d .  However, as p r e v i o u s l y  discussed, t h r o a t  

e r o s i o n  f o r  t h e  LM-4 f l i g h t  was o n l y  s l i g h t l y  h i g h e r  t h a n  p r e d i c t e d .  The 

ques t ion  c o u l d  become somewhat academic i n  l i g h t  o f  t h e  f a c t  t h a t  LM-5 and 

subsequent v e h i c l e s  w i l l  u t i l i z e  t h e  SWIP chamber which may e x h i b i t  d i f f e r -  

e n t  t h r o a t  e r o s i o n  c h a r a c t e r i s t i c s .  It i s  noted t h a t  v a r i a t i o n s  i n  t h r o a t  

area do n o t  e n t e r  i n t o  t h e  d e t e r m i n a t i o n  o f  s tandard i n t e r f a c e  c o n d i t i o n  

performance s i n c e  t h e  acceptance t e s t  t h r o a t  area becomes p a r t  o f  t h e  s tan-  

dard i n t e r f a c e  c o n d i t i o n s .  

The engine t h r u s t  l e v e l  f o r  f l i g h t  shows t h e  

Eased on t h e  
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5.  PRESSURIZATION SYSTEM 

He 1 i um Uti 1 i za t i  on 

The helium load for  the LM-4 f l i gh t  was a nominal 13.2 lbm. Helium 

tank temperatures and pressures prior t o  launch were 3067 psia, 71.8"F 

and 3083 psia,  71.1"F respectively, fo r  tanks  1 and 2. 

cation of helium leakage d u r i n g  the mission. 

during the b u r n  agrees w i t h  analytical predictions. 

U11 age Pressure Decay During Coast 

There was no indi- 

The calculated helium usage 

The fuel and oxidizer interface pre-launch pressures were 167 and 178 

psia,  respectively. Telemetry data received during the i n i t i a l  lunar mo- 

dule activation period indicated tha t  the oxidizer interface pressure had 

increased t o  187 psia. The oxidizer temperature j u s t  prior t o  launch was 

74°F and was 71°F a t  i n i t i a l  lunar module activation. The predicted oxi- 

dizer interface pressure , based on temperature drop and  he1 i um sol ubi 1 i t y  

i n  propellant, corresponding t o  the 71°F temperature was 172.5 psia. 

interface pressure a t  i n i t i a l  lupar module activation was, as expected, 

166 psia. 

Fuel 

With temperatures holding near constant , pressure levels should e i the r  

remain constant o r  decrease due t o  helium solubili ty in the propellants. 

I n  order for t a n k  (or interface) pressures t o  r i s e ,  an increase i n  helium 

mass in the ullage would  be required. 

configuration, indicated no mass could have been added t o  the ullage from 

the only possible source, the helium supply tanks. 

from the above considerations i s  t h a t  the GP1503 measurement was erroneous- 

l y  high. 

served d a t a  with predictions on the LM-4 fuel side and b o t h  fuel and  oxi- 

di zer measurements on LM-3. 

The d a t a  available, plus the system 

The conclusion reached 

This conclusion i s  further substantiated by the agreement o f  ob- 
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Determination of the actual oxidizer interface pressure measurement 

bias t o  be used during the BTD steady-state analysis was made by comparing 

the level of the oxidizer interface pressure t o  t h a t  of the fuel interface 

pressure a f t e r  biasing the fuel interface pressure on the basis of ground 

t e s t  d a t a .  I t  was assumed t h a t  the fuel and oxidizer interface pressures 

would be within one psia of each other and t h a t  the level of the fuel in te r -  

face pressure, a f t e r  biasing, was correct. This assumption was based pr i -  

marily on analysis of the helium regulator out le t  pressure d a t a  which gave 

no indication t h a t  the higher level of oxidizer interface pressure was 

valid. 

10-11 psia,  with the higher value being chosen. 

results from the propulsion analysis program substantiated this  b i a s .  

Regul a t o r  Performance 

I 

This technique indicated an oxidizer interface pressure bias of 

As previously mentioned, 

The regulator lockup pressure a t  i n i t i a l  APS pressurization was 184 

psia (compared t o  186 expected based on t e s t s  d u r i n g  checkout a t  K S C ) .  

Regulation d u r i n g  the insertion b u r n  and  lockup a f t e r  the b u r n  were nominal. 

A t  

t o  the expected (from KSC checkout) value of 181 psia. 

the b u r n ,  pressure osci l la t ions were observed i n  b o t h  helium regulator 

out le t  pressure transducers (GP0025P and GP0018P). These osci l la t ions 

were present for  the remainder of the b u r n  t o  depletion. 

4 inches downstream of the Class I primary regulator, indicated an ampli- 

tude o f  5 psi (peak t o  peak). 

check valves ( 3  feet  downstream of GP0025P) indicated a maximum arilplitude 

of 19 psi .  Since b o t h  measurements are located i n  the helium manifold, the 

differences i n  the magnitude of the osci l la t ions may be explained by ( 1 )  

amp7ification of the pressure osci l la t ions i n  the helium l ine or ( 2 )  varying 

I the s t a r t  of the b u r n  t o  depletion, the regulator out le t  pressure dropped 

A t  118 seconds into 

GP0025P, located 

GP0018P, located upstream of the oxidizer 
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s e n s i t i v i t y  t o  o s c i l l a t i o n s  o f  t he  two transducers.  P r e - i n s t a l l a t i o n  

o f  t he  r e g u l a t o r  module a t  Bethpage showed pressure  o s c i l l a t i o n s  o f  3 

peak-to-peak a t  t he  r e g u l a t o r  o u t l e t  (GPOO25P) and 6 p s i  peak-to-peak 

t h e  tank  r e l i e f  va l ve  (downstream of t h e  GP0018P l o c a t i o n ) .  The regu 

have a s p e c i f i c a t i o n  l i m i t  o f  15 p s i  peak-to-peak. 

t e s t s  

p s i  

a t  

a t o r s  

Pressure o s c i l l a t i o n s  o f  ampl i tudes up t o  10 p s i  have been observed a t  

The o s c i l l a t i o n s  d i d  n o t  propogate t o  t h e  i n t e r -  WSTF du r ing  PA-1 t e s t i n g .  

face o r  chamber pressures,  due, probably,  t o  the  l a r g e  p r o p e l l a n t  tank 

u l l a g e  volumes present  du r ing  the  LM-4 BTD. 

t h a t  t he  pressure t ransducers a m p l i f i e d  the  o s c i l l a t i o n s  t o  a c e r t a i n  e x t e n t .  

No harmfu l  e f f e c t s  t o  the  system due t o  t h e  pressure o s c i l l a t i o n s  were noted. 

I t  i s  a l s o  considered l i k e l y  

17 



6 .  APS PROPELLANT LOADING AND USAGE PRIOR TO BURN TO DEPLETION 

The o x i d i z e r  t a n k  was f u l l y  loaded  a t  a pressure of  67 ps i a  and an 

o x i d i z e r  t empera tu re  of  72°F. 

64 p s i a  and a f u e l  t empera tu re  o f  70°F. 

f o r  both o x i d i z e r  (1 .4818 gm/cc a t  4°C and 14.7 p s i a )  and fuel ( .8992 gm/cc 

a t  25°C and 14 .7  p s i a )  samples .  Based on these d e n s i t y  v a l u e s ,  p r o p e l l a n t  

t ank  pressures, and p r o p e l l a n t  t empera tu res ;  a de t e rmina t ion  was made o f  

the q u a n t i t y  o f  p r o p e l l a n t  t o  o f f  l oad .  This o f f  l oad  (1072.0 lbm f u e l  and 

1623.0 lbm o x i d i z e r )  was accomplished us ing  the weigh t ank  f ive  t i m e s .  

a c t u a l  p r o p e l l a n t  load  was determined t o  be 981.4 lbm fuel and 1650.1 lbm 

o x i d i z e r .  

The f u e l  t ank  was loaded a t  a pressure of  

A d e n s i t y  de t e rmina t ion  was made 

The 

RCS consumption from the APS t anks  du r ing  the C o e l l i p t i c  Sequence 

I n i t i a t i o n  (CSI )  and Terminal Phase I n i t i a t i o n  (TPI)  RCS maneuvers was 28 

lbm and 14  lbm, r e s p e c t i v e l y .  

APS was 1622 lbm o x i d i z e r  and 967 lbm fuel .  

The re fo re ,  the  p r o p e l l a n t  a v a i l a b l e  t o  the 

APS consumption du r ing  the manned burn was approximate ly  106 lbm o f  

o x i d i z e r  and 67 lbm o f  fue l .  The RCS system i n t e r c o n n e c t  va lve  was c l o s e d  

dur ing  APS a c t i v i t y  so t h a t  a l l  RCS consumption was from the RCS tank5.  
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7 .  PROPELLANT SETTLING ANOMALY 

seconds before being manua 

and fuel tanks operated as 

and the en t i re  second burn 

Shortly a f t e r  the ignition signal for  the f i r s t  APS b u r n ,  the ascent 

engine q u a n t i t y  caution l i gh t  came on triggering a master caution and 

warning alarm. 

and fuel LLS in each propellant tank. 

ascent engine "on" signal for the LM-4 APS manned b u r n ,  the oxidizer LLS 

was activated for  abou t  one second, while the master alarm was on for two 

The quantity caution l igh t  i s  controlled by the oxidizer 

Approximately one second a f t e r  the 

l y  reset .  Low level sensors in b o t h  oxidizer 

expected d u r i n g  the remainder of the f i r s t  burn 

Based on t h i s  performance, i t  was concluded 

t h a t  the s igna l  received d u r i n g  the f i r s t  b u r n  was v a l i d .  

The cause o f  t h i s  anomaly i s  believed t o  be insufficient se t t l ing  o f  

APS propellants prior t o  the b u r n .  

c r a f t  Operational Data Book ( S O D B ) ,  Reference 9 ,  an RCS propellant se t t l ing  

maneuver o f  3-4 seconds duration would be adequate for a vehicle w i t h  the 

propellant load o f  LM-4. 

euver prior t o  APS f i r s t  bu rn  ignition lasted for a period of  4 .1  seconds. 

This would seem t o  indicate t h a t  an adjustment t o  the SODB propellant set-  

t l i n g  figures i s  required f o r  missions u t i l i z i n g  vehicles w i t h  l a r g e  u l l a g e  

volumes. 

reasons; f i r s t  the positive g r a v i t a t i o n a l  f ie ld  on the l u n a r  surface 

i s  suff ic ient  t o  s e t t l e  propellants and secondly the normal APS l o a d i n g  for 

lunar landing missions i s  very near t a n k  capacity. 

Based on Fiqure 4.8-10 in the Space- 

The actual RCS ullage propellant se t t l ing  man- 

Lunar  landing missions do no t  f i t  i n t o  t h i s  category for two 

19 
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TABLE 2 

LM-4 APS ENGINE AND FEED SYSTEM PHYSICAL CHARACTERISTICS 

Engine No. 

I n j e c t o r  No. 

I n i t i a l  Chamber Th roa t  Area ( i n .  ) 2 

Nozz le E x i t  Area ( in . ' )  

I n i t i a l  Expansion R a t i o  

I n j e c t o r  Resis tance ( l b f - s e c  /1 b,-ft )@ 2 5 

t ime  ze ro  and 70°F 

Oxi d i  z e r  

Fuel 
, ( 2 )  Feed System 

Rocketdyne S/N  00026 

Roc ke tdyne S/N 4094436 

16.345 

748.7 

45.81 

12630. 

201 48. 

T o t a l  Volume (P ressu r i zed )  , Check Valves 
3 t o  Engine I n t e r f a c e  ( f t  ) 

O x i d i z e r  36.78 

Fuel 36.83 

Resis tance,  Tank Bottom t o  Engine I n t e r -  

2 5 face ( l b f - s e c  /lb,-ft ) a t  70°F 

Ox i d i  z e r  2723. 

Fuel 4402. 

Rocketdyne Report PAR 8114-4102, J u l y  10, 1968. 

( 2 )  Per t e l e c o n  w i t h  Tom E r v o l i n a ,  GAEC, Janu;\ry 28, 1969. 
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TABLE 3 

RCS PROPELLANT USAGE DURING APS B T D  

* Data presented  i n  t h i s  t a b l e  was d e r i v e d  f r o m  RCS t h r u s t e r  accumulated 
"on" t i m e .  
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TABLE 4 

FLIGHT DATA USED I N  STEADY-STATE ANALYSIS 

Measurement 
Number 

GP201 OP 

GP1503P 

GP1501 P 

GP1408X 

GP0025P 

GP1218T 

GP0718T 

GH126OX 

GGOOOl X *  

D e s c r i p t i o n  

Pressure , Thrus t  Chamber 

Pressure , Engine O x i d i z e r  I n t e r f a c e  

Pressure,  Engine Fuel I n t e r f a c e  

O x i d i z e r  Tank Low Level  Sensor 

Pressure,  Regu la to r  O u t l e t  M a n i f o l d  

Temperature, O x i d i z e r  Tank Bulk 

Temperature , Fuel Tank Bu lk  

Ascent,  Engine On/Off 

PGNS, Down L i n k  Data 

Range 

0-150 p s i a  

0-250 p s i a  

0-250 p s i a  

O f f  -On 

0-300 p s i a  

20-120OF 

25-1 20°F 

O f f  -On 

D i q i t a l  Code 

Sample Rate 
Sample/sec 

200. 

1 

1 

1 

1 

50 

50 

* A c c e l e r a t i o n  determined f rom PGNS, Down L i n k  Data 

24 



I Event 

TABLE 5 - PROPELLANT CONSUMPTION FROM 

ASCENT PROPULSION SYSTEM TANKS 

GET 
Tiiiie, 

h r  *ri? : scc 

0 : 00: 00 

102 : 55 :02.1 I 1%: 52 : 05.0 

I g n i t i o n  f o r  Lunar O r b i t  
I n s e r t i o n  rlaneuver 
I g n i t i o n  APS Burn t o  dep le t i on  

108: 55 : 32.3 I S t a r t  o f  Chamber Pressure 
Clecav f o r  BTD I 

APS Prope l l an t  on Eoard 

0 x i d i ze r- 

1650.1 

1650.1 
1516.3 

107.0 

Fuel 

981.4 

981.4 

900.3 

17.7 
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Appendix 

F1 i g  h t  Data 

F i g u r e  

A-1 APS T h r u s t  Chamber Pressure (GP2010P - M) I n s e r t i o n  Burn 

A-2 APS O x i d i z e r  I s o l a t i o n  Va lve  I n l e t  Pressure (GP1503P-PCM) I n s e r t i o n  Burn 

A-3 APS Fue l  I s o l a t i o n  Valve I n l e t  Pressure  (GP1501P-PCM) I n s e r t i o n  Burn 

A-4 APS O x i d i z e r  Tank Bu lk  Temperature (GP1218T-PCM) I n s e r t i o n  Burn 

A-5 APS Fuel Tank B u l k  Temperature (GPO718T-PCM) I n s e r t i o n  Burn 

A-6 APS Hel ium Supply Tank No. 1 Temperature (GP0201T-PCM) I n s e r t i o n  Burn 

A-7 APS Hel ium Supply Tank No. 2 Temperature (GP0702T-PCM) I n s e r t i o n  Burn 

A-8 APS Regu la to r  Out Man i fo ld  Pressure (GP0018P-PCM) I n s e r t i o n  Burn 

A-9 APS Regu la to r  Out Man i fo ld  Pressure (GP0025P-PCM) I n s e r t i o n  Burn 

A-10 APS Helium Supply Tank No. 1 Pressure (GP0001P-PCM) I n s e r t i o n  Burn 

A-11 APS Helium Supply Tank No, 2 Pressure (GP0002P-PCM) i n s e r t i o n  Burn 

A-12 APS T h r u s t  Chamber Pressure (GP2010P-M) BTD 

A-13 APS O x i d i z e r  I s o l a t i o n  Valve I n l e t  Pressure (GP1503P-PCM) BTD 

A-14 APS Fuel I s o l a t i o n  Valve I n l e t  Pressure (GP1501P-PCM) BTD 

A-15 

A-16 

A-17 

A-18 

A-19 

A-20 

A-21 

A-22 

APS O x i d i z e r  Tank Bu lk  Temperature (GP1218T-PCM) BTD 

APS Fuel Tank B u l k  TemDerature (GP0718T-PCM) BTD 

APS Hel ium Supply Tank No. 1 Temperature (GP0201T-PCM) BTD 

APS Hel ium Supply  Tank No. 2 Temperature (GP0202T-PCM) BTD 

APS Regu la to r  Out M a n i f o l d  Pressure  (GP0018P-PCMj BTD 

APS Regu la to r  Out M a n i f o l d  Pressure  (GPOO25P-PCY) BTD 

APS Hel ium Supply Tank No. 1 Pressure (GP0001P-PCM) BTD 

APS Hel ium Supply Tank No. 2 Pressure  (GP0002P-PCM) BTD 
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